This work deals with ultrasonically assisted extraction (UAE) of biologically active compounds from rhizomes of Rhodiola rosea, a popular medicinal plant. The influence of temperature, type of solvent and solid/solvent ratio on the yield of total extracts, total phenols and flavonoids was established. The best extraction of total phenols and flavonoids was achieved by using 50% aqueous EtOH and MeOH, respectively. Five times increase of solid/solvent ratio (from 1:20 to 1:100 (w/v)) leads to slow increase of the yield of total phenols and flavonoids. The extraction effectiveness of conventional maceration with 50% EtOH and UAE performed for 1 h at 25ºC using the same solvent with respect of total phenols was comparable.
The present work reports the results from an investigation of effect of time, type of solvent, temperature and solid/solvent ratio on the extraction of polyphenols, flavonoids, and total extractable components from the rhizomes of R. rosea. In addition, the effectiveness of UAE and classical maceration for extraction of distinct type of compounds was compared. The results of this study Table 1 : The variation of content of total extracts, phenols and flavonoids with progress of UAE # .
Data were analyzed by one-way ANOVA. The corresponding tail probability was less than 0.01 # Extraction conditions: 70% EtOH, solid/solvent ratio 1:20 (w/v), 25 ºC *In mg/g extract a,b,c Value with the same letter are not significantly different with p=0.05 (Tukey HSD test).
contribute to the optimization of UAE conditions of R. rosea. The first task of this work was to examine the influence of extraction time on the yield of total extracts, phenols and flavonoids. Thus, UAE was performed at 25ºC for 5, 10, 20, 30 and 60 min with 70% EtOH and solid/solvent ratio 1:20 (w/v). The obtained results (Table 1) indicated that the total extracts increased from 28.1% to 32.0%. A rapid increase in the extraction yield was observed during the first 10 min. After that, the small increase in percentage of extractable compounds (from 10 to 30 min) was not significantly different (ANOVA, Tukey Data were analyzed by two-way ANOVA. The corresponding tail probability was less than 0.01 ** Flavonoids were statistically analyzed by one-way ANOVA. # Extraction conditions: 70% EtOH * In mg/g extract a,b,c,d Value with the same letter are not significantly different with p=0.05 (Tukey HSD test). HSD test). The maximum concentration of polyphenols and flavonoids was reached by the 10th minute of the extraction process. Thus, this extraction time was accepted as optimal for further experiments.
The effect of different solid/solvent ratios (1:20, 1:50 and 1:100 (w/v)) at working temperature 25ºC and 50ºC was also examined ( Table 2 ). The increase of working temperature, as well as the solvent quantity, caused a little increase in the content of aforementioned compounds. Doubling the temperature led to 2.6% and 1.6% higher yield of polyphenols and flavonoids, while five times more solvent improved the extraction of these compounds with 5.9% and 2.2%, respectively. These results demonstrate that a solid/solvent ratio 1:20 (w/v) and working temperature 25ºC are the most beneficial conditions for effective extraction of phenols and flavonoids from R. rosea. A higher solid/solvent ratio and temperature led to unnecessary solvent and energy consumption.
Various solvents were used for extraction of R. rosea in order to select the most suitable. The results indicated that the amount of total extracts ( Table 3) and content of total phenols ( Conventional maceration with the same series of solvents (24 h, room temperature, solid/solvent ratio 1:20 (w/v)) was carried out to estimate the extraction effectiveness of UAE. Thus, among the solvents employed, 50% EtOH ensured the maximum amount of total extracts (32.8%) and phenols (175.5 mg/g), while MeOH was found to be more appropriate for extraction of flavonoids (18.7 mg/g). This concentration of total phenols was achieved by UAE with 50% EtOH for 60 min at 25ºC (ANOVA, Turkey HSD test), while EtOH (70%) and MeOH extracted the same amount flavonoids for 10 minutes only at 25ºC (ANOVA, Turkey HSD test). This means that the extraction rate of the sonochemical process was higher than that of conventional maceration.
Experimental

Plant material and chemicals:
The rhizomes from 2 years old R. rosea were collected in the end of April (2007), in the beginning of growing from the experimental field "Beglica" (the Rhodopes mountains, altitude 1495 m). A voucher specimen (SOM-Co-1243) was deposited in the Herbarium of the Institute of Botany. The rhizomes were dried immediately at 35 o C for 5 hours and kept in paper bags in a dark, cold and dry place. Before being used the rhizomes were ground. Extracting solvents, reagents and standards were commercially available materials of analytical grade.
Extraction methods
Ultrasonically assisted extraction Variation of time:
The ground rhizomes (100 mg) and 2 mL of 70% EtOH were placed into a test-tube. A solid/solvent ratio was 1:20 (w/v). The indirect sonification was performed for 5, 10, 20, 30, and 60 min using an ultrasonic cleaning bath (UST 5.7-150, Siel, Bulgaria). The temperature was controlled and maintained at 25±1ºC by periodical adding of ice.
Variation of solid/solvent ratio: Different volumes of 70% EtOH (solid/solvent ratio 1:20; 1:50; 1:100 (w/v)) and 100 mg ground material were sonicated at 25ºC and 50ºC for 10 min.
Variation of solvents:
The UAE was carried out with various solvents (MeOH, 50%, 70%, and 96% aqueous EtOH) for 10, 60 min at 25ºC and 50ºC, respectively.
Maceration:
Maceration was performed at room temperature for a period of 24 h with the same series of extracting solvents and solid/solvent ratio 1:20 (w/v).
At the end of each experiment, the extracts were separated from the plant material by vacuum filtration. The plant residues were washed twice with 2 mL of the respective solvent. The filtrates were combined and the solvent was added to volume of 10 mL.
Analyses of biologically active compounds
Determination of Total extracts: Two milliliters of each extract were transferred into a tarred roundbottom flask and the solvent was removed by rotary evaporator. Subsequently the percentage of extractable compounds was calculated.
Determination of Total Phenolic Content:
The polyphenol content in the extracts was determined using Folin-Ciocalteu's method [6] . Briefly, 200 μL of each extract (diluted 10-100 times to obtained absorbance in the range of the prepared calibration curve) was mixed with 2 mL distilled water and 400 μL of Folin-Cicauteu's phenol reagent. Four milliliters of 7% sodium carbonate solution were added to the mixture after 8 min. The absorbance was measured at λ = 750 nm on Helios gamma UV-Visible spectrophotometer after 120 min. The blank solution was prepared with water instead of extract.
Gallic acid was used [7] for preparation of calibration curve (ranging from 0.025 to 0.25 mg/mL, regression equation of the calibration curve y = 0x 2 +3.614x+0.0089, R = 0.9991). The total phenols expressed as mg gallic acid equivalents per gram extract were calculated by following equation:
Total phenols (mg/g) = C.V/m, where C is the concentration determined from a calibration curve (mg/mL), V is the total volume of extract solution in mL, and m is the mass of the extract in g.
Determination of flavonoids:
A spectrophotometric method was used for determination of flavonoids [8] .
The reaction mixtures were composed from 200 μL extract, 200 μL AlCl 3 (methanol solution with concentration 20 g/l) and 4.6 mL MeOH. The absorbance was measured at λ = 420 nm after 30 min. Rutine was used for preparation of a standard curve (ranging from 0.025 to 0.1 mg/mL, regression equation of the calibration curve y = 0x 2 +1.479x+0.01257, R = 0.9918). The concentration of flavonoids was expressed as rutine equivalents per gram extract.
Statistical analysis: All data were expressed as mean ± SD and analyzed by Statistica 6.0. The result from the measurement of total extract, phenolic compounds and flavanoids obtained at different UAE-time were analyzed by one-way analyses of variance (ANOVA). The results from UAE performed at different time, solid/solvent ratio and solvents were analyzed by two-way ANOVA. Tukey HSD test was used to determine which mean values were different.
